Different protocols have been used for washing and disinfecting leafy vegetables in Brazilian food services, however its effect on microbial reduction was barely studied. The aim of this study was to evaluate the effectiveness of lettuce washing and disinfecting protocols used by food services. The treatments evaluated were: washing in potable tap water (T 1 ); washing and dipping in potable tap water (T 2 ); washing with potable tap water and dipping in a solution of sodium hypochlorite (200 ppm of free chlorine) for 15 min (T 3 ); and 30 min (T 4 ); washing with potable tap water and dipping in 2% vinegar solution (T 5 ); and 20% vinegar solution (T 6 ). After the treatments, the samples were microbiologically evaluated to measure bacterial reductions. The microbial counts showed that the mean total mesophile reductions were: 0.64 log for T 1 , 0.75 log for T 2 , 2.06 log for T 3 , 2.46 log for T 4 , 1.68 log for T 5 and 1.72 log for T 6 , and the mean total coliform reductions were: 1.11 log for T 1 , 1.09 log for T 2 , 2.29 log for T 3 , 2.35 log for T 4 , 1.6 log for T 5 and 2.09 log for T 6 . Based on these results it can be concluded that protocols which used 200 ppm sodium hypochlorite for 15 to 30 min (T 3 e T 4 ), were the most effective, followed by treatment with 20% vinegar solution (T 6 ). The latter method, however, turned the lettuce dark during the distribution period.
Introduction
The consumption of vegetables has been rising over the last few years due to a demand for healthier diets. Of the vegetables, lettuce (Lactuca sativa) is the most popular leaf vegetable among Brazilians [1, 2] . On the other hand, vegetables can be potential vehicles of pathogenic microorganisms, contributing to the increasing number of foodborne diseases [2] [3] [4] .
In the traditional growing method, lettuces stay in contact with the soil throughout their development. The humidity associated with organic fertilizers and water irrigation can provide ideal conditions for the contamination of these food products [4] [5] [6] . Furthermore, mishandling of the vegetables during processing can also turn these kinds of foods into vehicles of pathogenic bacteria [2, 6] .
Even though foodborne diseases are mostly caused by the consumption of animal food products, several outbreaks were related to vegetable and fruit consumption, many of them due to Salmonella Enteritidis, Campylobacter jejuni and Shigella sonnei after lettuce consumption [7] [8] [9] . Recently, in Germany (May 2011), thousands of infections occurred resulting in 877 cases of haemolytic uremic syndrome (HUS) with 32 deaths and 3,043 cases of enterohaemorrhagic Escherichia coli (EHEC) with 16 deaths [10] . The cause of this outbreak is not yet known, German officials have warned the public to avoid eating raw cucumbers, tomatoes and lettuce until further notice or until solid epidemiological or microbiological evidence regarding the source of the outbreak strain becomes available [11] .
Leafy vegetables process generally involves the following steps: cleaning, trimming, coring, slicing, shredding, washing, disinfection, centrifugal drying and packaging. Washing and disinfection have been considered the only operations aimed actively reducing microbial populations on fresh cut vegetables [12] and for this reason they are important stages in food safety for raw vegetable consumption [6, 13, 14] . Different protocols have been used for washing and disinfection of leafy vegetables, and they comprise several washing times, kind of sanitizers and sanitizer concentrations, justifying its comparison. Chlorine and its various forms are the most commonly used disinfectants in food processing [9, 15] . The Food and Drug Administration (FDA) allows the use of sodium hypochlorite as a disinfectant agent for surfaces that come into contact with food in concentrations ranging from 50 to 200 ppm. In Brazil, this disinfectant is recommended by legislation at a concentration of 100 to 250 ppm/15 min for the disinfection cleaning cloths used in food preparation and the disinfection of vegetables [15] .
Food services, mainly restaurants, have become very important in the modern lifestyle because an increasing number of people eat their meals outside of their households. The great variety of establishments, the differences in the number of meals served and the facilities and know-how of those involved in the preparation and handling of food must also be considered. Variations in these aspects might imply a lack of standardization of several food preparation procedures, including the disinfection of vegetables. Taking these considerations into account, the aim of the present study was to compare the different lettuce washing and disinfection protocols used by food services in Porto Alegre/Rio Grande do Sul, Southern Brazil.
Materials and Methods
The study was carried out in two stages. In the first stage, an observation study of buffet-style food services in Porto Alegre city took place. In the second stage, the washing and disinfection protocols used by the establishments visited were tested to determine their mesophilic aerobic bacteria and coliform reduction rates on lettuces.
Characterization of the Food Services and Identification of Lettuce Washing and Disinfection Protocols
Seventy-two buffet-style restaurants in two districts of Porto Alegre city were visited between July and November 2004. The food services were randomly chosen from those registered with the Porto Alegre City Industry and Commerce Secretary. Of these, 10 food services in the Moinhos de Vento district, making up 28.5% of the 35 registered in the area, and 62 food services located downtown, making up 25.7% of the 241 registered in the area, were visited. The districts of Moinhos de Vento and downtown Porto Alegre were chosen to represent two distinct realities. The first is an area with establishments that generally serve meals to a section of the population with a higher purchasing power than in downtown Porto Alegre. Some data on the restaurants were collected in order to provide a brief set of characteristics of the environment where the protocols were carried out.
Lettuce Washing and Disinfection Protocols Used by the Restaurants
The main lettuce washing and disinfection protocols identified in the restaurants were tested on 10 replicates to determine their effectiveness at reducing the number of microorganisms on leaf lettuce. Leaf lettuce was chosen because it is the most popular type of lettuce among the food services that were visited. The samples were purchased between January and February 2005 from eight different retail outlets in Porto Alegre city; the samples had previously been packed in sterilized containers and were transported at room temperature to the Laboratório de Medicina Veterinária Preventiva at UFRGS. Five units of leaf lettuce were separately purchased and the leaves were mixed and then divided into 100 g samples to be submitted to the following treatments: (T 0 ) lettuce without any treatment; (T 1 ) washing with potable tap water; (T 2 ) washing and dipping for 30 min in potable tap water; (T 3 ) washing with potable tap water and dipping in a solution of sodium hypochlorite (Q. Boa In the case of treatments T 2 to T 6 , the lettuce leaves were rinsed for 30 s with potable tap water after treatment, before undergoing microbiological analyses.
Samples of 25 g of lettuce from each of the treatments were placed in 225 ml of saline solution (0.85% NaCl) and homogenized in a Stomacher blender twice for 30 s each. Aliquots of 1 ml were serially diluted in 9 ml of saline solution to be submitted to bacterial enumeration as described below.
Total Mesophilic Aerobic Bacterial Counts
A 1 ml sample from each dilution, relative to each treatment, was placed in sterile Petri dishes to which approximately 15 ml of Plate Count Agar (PCA, Merck  , Darmstadt, Germany) was pour plated at 45˚C. The dishes were slightly agitated and then left at room temperature for agar solidification. Later, the dishes were incubated for 48 h at 37˚C. Dishes that presented 25 to 250 colonies were selected and counted. The colony count was determined according to Silva et al. [16] and expressed in CFU/g of lettuce. All counts were perCopyright © 2012 SciRes. FNS
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30 formed in duplicate.
Total Coliform and Thermotolerant Bacterial Count
From each dilution, relative to each treatment, 1 ml samples were placed in sterile Petri dishes to which approximately 15 ml of Violet Red Bile Agar (VRBA, Oxoid  , Basingstoke, UK) was pour plated at approximately 45˚C; the mixture was then homogenized. After agar solidification at room temperature, an over layer of 5 ml VRBA was added. Following this procedure, the dishes were incubated for 48 h at 37˚C. Dishes that presented 25 to 250 colonies were selected for counting. Counting was performed according to Silva et al. [15] and expressed in CFU/g of lettuce. All counts were performed in duplicate. Five typical coliform colonies were selected from the dishes and individually transferred to tubes containing EC broth (Merck  , Darmstadt, Germany), which were incubated in a hot water bath for 48 h at 44.5˚C. Tubes that showed growth and the presence of gas were confirmed for thermotolerant coliforms. The number of CFU/g was calculated in terms of the number of typical colonies, the inoculated dilution and the percentage of confirmed colonies [16] .
Calculating the Coliform and Mesophilic Aerobic Bacteria Count Reductions
For each repetition that was performed for each treatment (T 1 to T 6 ), the following formula was applied, where n = 1 to 6; R CT = total coliform bacteria reduction; R M = total mesophilic aerobic bacteria reduction:
Statistical Analysis
The bacteria reduction obtained from each of the different protocols was analysed using Tukey's multiple comparison test [17] We used a level of significance of p < 0.05 for each of the tests.
Results and Discussion

Characteristics of the Food Services Visited
The food services that were visited did not show a statistical difference in the number of meals they served, since 49% of the establishments served from 51 to 200 meals. There was significant statistical difference (p < 0.01) between the prices charged for meals in the two districts. This difference suggests that the choice of the two districts was indeed correct, since the purpose was to investtigate lettuce washing and disinfection protocols in different realities. Most of the food services presented specific kitchen utensils for leaf vegetable washing and disinfection, as well as for their display on the buffet. There was no statistical difference (p = 0.302) between the districts in terms of the kind of lettuce disinfectant chosen by the restaurants. The most popular disinfectants were vinegar (31%) and sodium hypochlorite (27%). The treatment by washing and dipping in potable tap water (T 2 ) proved to be the most popular (39%) among the establishments that were visited. None of the food services used more than one disinfectant in the lettuce treatment. It is worth mentioning that 88% of the food services visited that used any kind of disinfectant could not specify the concentration of the disinfecting agent used. Those that followed a predetermined concentration did not have measuring tools for dilution, which might influence treatment effectiveness. The disinfection time was another factor that was difficult to assess. Many restaurants stated that they would let the leaf vegetables sit "for a while", whereas others reported dipping them in disinfecting solution while other activities were being carried out and thus they were unable to say exactly how long they were treated.
Treatment Results
When comparing the mean and median total mesophilic aerobic and coliform populations after testing the washing and disinfection protocols, it was noticed that their numbers were similar, which indicates that there was no great variation among the counts of the ten repetitions performed for the treatments ( Table 1) . All treatments showed a decrease in both total mesophilic aerobic and coliform counts compared to the initial populations on the samples of lettuce analysed.
The lettuce samples purchased from outlets in Porto Alegre city that were not washed or disinfected presented mean mesophilic aerobic counts that varied from 5.4 × 10 5 CFU/g to 5.6 × 10 6 CFU/g, leading to a mean count of 1.6 × 10 6 CFU/g ( Table 1 ). For the same samples, the total coliform counts varied from 1.1 × 10 4 CFU/g to 1.4 × 10 6 CFU/g. Thermotolerant coliforms were confirmed in three samples (2.8 × 10 4 , 1.8 × 10 4 and 1.3 × 10 same disinfectant for 15 min, as suggested by Brazilian legislation [15] , showed a reduction of 2.06 log 10 CFU/g for total mesophilic aerobic microorganisms and 2.29 log 10 CFU/g for total coliform counts. Based on the fact that the microbial reductions obtained with 15 min and 30 min of exposure were not significantly different (p < 0.05), the shorter period of disinfection is an advantage, considering the hurry routines of food services. On the other hand, the smallest reductions in total mesophilic aerobic microorganisms (0.67 log 10 CFU/g) and the coliform population (1.09 log 10 CFU/g) were found in the treatments that used potable tap water only (T 1 and T 2 respectively). The mean mesophilic aerobic counts for these treatments did not significantly differ (p > 0.05) from the counts of the untreated sample (T 0 ). However, regarding the total coliform counts, there was a statistically significant difference (p < 0.05) between the values found for T 0 and the treatments using tap water only ( Table 2) .
According to Mossel [19] , the maximum acceptable mesophilic aerobic count in vegetables is 5.0 log 10 CFU/g. Therefore, the treatments using only tap water were below the proposed standards regarding the mesophilic aerobic population count. It is important to note that 39% of the restaurants visited washed lettuce with tap water only, while most of the restaurants dipped it in solutions of an insufficient disinfectant concentration, which may compromise the disinfection effectiveness and the microbiological quality of the vegetables they serve.
There was no significant difference between the mean populations after the four treatments using the disinfecttants, both for the total mesophilic aerobic bacteria and coliform counts. The treatments with sodium hypochlorite yielded an approximate reduction of 2 log 10 for both the total mesophilic aerobic bacteria and coliform counts, which is in agreement with studies [20, 21, 14] which showed that the disinfection of lettuce with chlorine reduced the counts by 1 to 2 log 10 CFU/g ( Table 3 ). However, there were greater reductions in mesophilic aerobic bacterial counts according to Nascimento et al. [14] and López-Gálvez et al. [22] after disinfection with this product. The populations of both groups of microorganisms found after treatment with 20% vinegar were signifycantly different from those found after treatment with tap water only. Although treatment with 20% vinegar showed microbial reductions close to those achieved by treatment with 200 ppm sodium hypochlorite, it was also observed that the exposure of lettuce to 20% vinegar for 15 min caused a darkening of the leaves 1 h post-treatment. Therefore, this treatment can be ruled out for food service procedures, since leaf vegetables remain on display for more than 2 h at the counter, especially when used as a garnish for other dishes served by the establishment.
Most of the food services that were investigated only washed lettuce with potable tap water, without applying any disinfecting agent, and this was the treatment that yielded the lowest microbial reduction. The protocol using 200 ppm sodium hypochlorite for 30 min proved to be the most effective in terms of microbial count reducetions, followed by the protocols using sodium hypochlorite for 15 min and the 20% vinegar solution. The latter, however, caused darkening of the lettuce leaves and the former consume a lot of time, considering the daily routines of food services.
Based on the results it can be concluded that protocol which used 200 ppm sodium hypochlorite for 15 min (T 3 ) was the most recommended to be used in food services for lettuce decontamination, and it was based on its microbial reduction capacity, short time to be perform and no influence on the darkening of the leaves.
